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* I 

•I II 



immcom] 

-±fc**to El SOt E3 mt>K&Z%t5TT;<} 

%mmtiLft7rJ V-iW&V/ J*V> El RU E3 £ 
1 Xli 2 KfE&©3*$ h"<**-. 

H*JS 1 - 3 (Dfthfr 1 ofcE«©a*5 Y^tt 
[M*«5] El Jttf E3 kmmzr Y?*MtV 

[n*3S6] a*« 1 - 4 oMti^ 1 otEt©3 
in. 

[000 1] 
[000 2] 

<0fg$8£'fTi\ IKSfi^M/w^fc DNA £ffittit5 
ISWMItLTV^. X, fitS'M/l^DNA 

rt-e**$*fc^7^^ k dna tmx-vmtmzL 



-332560 



(2) 

2 

/v*<0 DNA fc*n+8ISfcftftlthtf4fe1\ 
[0003] 

*7?V UttRtf^-f^ DNA Ott 

Wi&gSr&gfc-fr-f, IKffiS*^*^/ a dna fc 

±mnfox+i£mz#tc7?x* k dna £®m®tt6i& 

[0004] 

(ITR inverted terminal repeat) &X%7E>£\Z$fy& 
O El RXI E3 •Wfc*HMrt57f f /9-f>U^«y 

[0 0 0 5] #35 931;: £8=^ V<<t*-\t s 77/ 
*SSWfflffiSr*"LT^5o *35?!K:«t83*5 

e^77/^;^^M(D ei xtf E3 xmm 

8=17^ K^^^-tt, / / b&gft 

«tt*r#UT*5, CHKlJcD77 f /^>f^«y/^ 

[0 0 0 6] **^{^J:5=i^^ K^^-lcioV^-c, 
Wx.tf El-Xtf E3 ^fflH^cfir h7t-T ^ y y • h ■ 
7 ^7^^^-«sh(;t h7t>f ^ y y 

^5«Bifc4*ff, KlSl^rttS DNA $rie^^7T 

wtc±5a»i7T/^>f^#ftt,n, r(Da^t7 

[0 00 7] 

50 ft 36000 Jtttffctf-f Xfc#U Eftt7ry 
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(3) 



ffl8*l*4#WI¥ 7 - 298877 *&*fcH*£hT*5 0 , 

. JS, flttf 293 »fi^*&f»Ata-fcfci9»« 
[0008] fcfc, *3Mil;:J:a=>*5 K**#-0* 2 

jKBittKBts. 

(fK"*b»**hTl89, 7 - 298877 

MSSiVO** Axle (Xtt Axlw) «>&>R4Lfc Axlcw 
|cS*t5t>0-C*>5 (Axlcw |lg$v>-y/^^ 

K^^-fc, £IT\ TpacadlAj t»t5. 
* K^*-^** P-adlA ©$ltt@ 1 lOTStlT 
1*5. pacadlA B: 6 ofltffrfr&BrtSih/CJSD* 
1 U tftt*rfr 2 - 6 IttMtLX 1* 



©pacadlA fi, ttlt«»X.77 f /^-f^^«^«ffl 

S 0 Whs £ l WtotTf/Mt'XWSM&t 
m (H 1 fcfc^T Bs - Bs fc£9i*SilfcBB) tf 
foot, *£ftfe ITOH1*U ^yfr-^iTEJtt 

El te?fltt (1.3% frt> 9.3% ***** 
ttfcft**fi*©*AB*)"e Clal kJ:SBNMKfftt 

a^tt77 f /9>f^«y/^©t«S* (Blfcfiv^ 
t E-E fciDftiiifeBW tfcot, 36*46 n 

R MrifrU E3 tfi^ffii* (79.6% A>b 84.8% £££ 

*, t©«ttK*waie : f©*^Btt'e swai jctaB 

fcl/C<ttr*0"Cfc5. B 3 BftttT^/W^B 

©■M *$©£ 4 SB#f*7r 

/^>f^«y/AK^©BiH?fco'C, *W©»&tt 

K^*-© 1 oT*fc5 charomid 

t*t>9A$tii. T!2©S l fc*ltffr0S*#BM» 

fcSft X^Z>fi\ pacadlA ttEftftfc AxlcwfcS*1" 
5gB#£, AxRSV-LacZ /V* [H. Ko jima « "Bioche 
m. Biophys. Res. Commun. Vol. 207, pages 8 - 12, (1 
995^)] mVJbs DNA Sr«@lt UT*I* DNA Xt>%7 
T— Srffll/^C PCR [polymerase chain reaction 

[0009] 

) [Sll 









1 


BcoRI t BstU07I 


Axlcw © charomid WSt 
(charoiid Ml ft*) 


2 


BstllOTI t Clal 


AxRSV-LacZ S3fe (PCRj£&) 


3 


Clal t BcoRI 


Axlcw O^-f ^XBfiTB* 


4 


EcoRI t Swai 


AxRSV-LacZ fl* (KKtft) 


5 


Swai t Kpnl 




6 


Kpnl <h EcoRI 


AxRSY-LacZfc* (PCRjgfo) 



[0 0 10] charomid m ©#H^t5RHSr«fftt5fc«)IC, *3891#Sft P 

a*? K** LT««rtt?t|5i$*fc9 . 1 7 acadlA tli^i^lU 9 M*$i^•C^^5 charomid 9-1 
7-?;K/<y*-i?$*fc!>t5fc»K«41Mfc«» 50 1 K- Saito SS'Proc Natl. Acad. Sci. US. A'. Vol. 



.1 » 

I 't 

I t if 

(4) 

5 

83, pages 8664 - 8668, (1986*£)]0# !i U 
# (MRUS® EcoRI fttf HindHI l:i£5»#»r£& 

[00 1 11 »Kfr<P*«M»Q«» 
B 1 CSStfC^S pacadlA *«j£t5*»rJt©*# 
«»t*JJt5«»IHtf±B 2-07 fciSSJitva. 
#y y y*-S^*r»9»V^fc charomid 9-11 fc 75V 

SJ:5fc, charomid Wfrb Hindi II-Bstll 

07i-Pad <Dmmzmm%mm&imVs *v*-er w 

?V -M>fe ITR JK^fcSoTlSO, - 

*fi«S£fl\ 0 7 fcS3Ji-0*5J:5fc* 7tV* 
4 frTJ&f J W% ITR»#£5l*>fr*T PacI-EcoRI 
Offi#-CfflPg»i!IB5$SWa^ffiU?, ft^-C charomid $ 

pacadlA left, 1 © J: b ftMRMmMTOEt * 
tiT^*©T\ MRlMrefeS Pad fcTfeai-SCli 

haromid Uftfrbffl&Z^ZZ itfTflB-Cfc*. KL Bs 
tll07I * EcoRI *fi) Jfl-tSi* 77/ 2° 

[0 0 12] 3*5 l£d££=©3al£ 
pacadlA left* DNA (BffrSrlf AXtt pacadlA CD 1 g& 
#* ft* DNA XEmi-6iWT% T»«IHMIfcT P 
acadlA Srftatfc (gftfcJloTfS Klenowf ragmen t 

%\z£z&®zmLTc) & % ftxxmmv dna 

•r*fc*e?*y-$'s Giga 

pack in vitro packaging kit (Stratagene f±) *{££i ao 
LT, X 7 7 * K DNA tr/<y<r-5^5i 

(Wttf DH5o) 7V 

evy lb aKJjptticx-ft 3rc fc-c-fy*^ 

u i.5miory tfvyy^* lb JWfcfcx-ft 37*c 
icrsaig^t^o lb #*^4*i5*ll«d»6> 
3* DNA SrttfflL U^Uj/T' 

4tJ:9att©«JtSr#i-5^a-y«rJMrfS 0 
[0 0 13] 77 7 »>T /U*»3 tg^<PSWIR tffll« 
§ft©flfig**-f5 pacadlA R$ft;*D-y© DNA £ 
±fiH^-r5/c^lCf±, fti* 1.5ml© LB »«**5>tt 
fflUT^ffetlfc DNA SrStf Gigapack invitro packagi 
ngkit SrffifflLT, 1-77-^1:^5/^-^5: 
iCJ:9«ftt77-^*:ff«t5. ::©)B&;t77- 
(DH5 a ) ****** ry\fi/yy 

SrStt 5)93 4ft (50 - 200ml) © LB 

37t: CTfia««S:fT5o ^© LB QIAGEN 

#7 A (QIAGEN tt) «r«fflLXtttsCl (C£&Mtt so 



ttgj ¥11-332560 



5 

K4l!ffli'U&*«mLT DNAfctttHU «»+5. ft 
fetlfe DNA ©ft©2I3i;*$&LT Pad (New Englan 
d-BioLabs tt) JCTMR»*teaSrff 5. Pad 

*^»aia6«a*rff 5. *e>tLfc±*fc*s*iT 
v>5 dna *%mmtznto-Q*t /-Mzxztk® 

Ma*trofc&, Ifc*©it* (DNA)* 70% x*/ - 
/vfcffl^T-SUy^l-So Uf^Lfc DNA Co^T 
ttMS**MtalTDNA ftfttN&U *<D«tt» 
*»JBTC*5 293 »JB^©»fi^»A*^S:fr5S-e 

WMMPt*. 

[0 0 14] T^JjL±k2M!LLk DNA g 293» 

±EoiST*#e>^fc77/^^/^y/A dna * 

10 /zg S 600// 1 © Opti-MEM R (Gibco ft) fc 
80/ul © Lipofectamine reagent (Gibcott) Sr'&'frt" 
§ 600 /zl © Opti-MEM Ri*8ftS-g\ fc^-e£fifc 
X 30 ftHflHttfi. to*. roSftSHJElC 7ml 
© Opti-MEM $*»-f-£ 0 :©»«*, ^fefflSLfc 
293 » [ATCC Ji^A^ (=9— yvlcT3-hS*i 

75cm2 ©77*3 1 ©i#«£i£*jl& 
L> 37t, 5% CO2 ©g«T(C0 2 -f^^-^-rt) 
£T^V*^-v'3>'*fr5o DNA ^tSft 

»*«f»4»te»#«i:^lcfi«|L, JEfcfc* 37 
U 5% CO2 ©S^T(C02 ^y^ro-^-^-rt) 

B©S0 % 293 «ua«r77^3^6)iWi**X*aHKi 
37-^y[cT3-K^^fc 96 1 ft 

[0015] ja^r^y^^oum 
a*, »e^»A*#*»6> 14 BIBKbfcO 293 MB 

293 »rtX*^LT, 293 *fflfi*5ESc$*5»lfil« 
(cytopathic effect) ^-f 
**0ftj*Lfcwell «)J|Bltff5:iW»i. t© 
well d*e>i>>r^S:**LT^55E«!»Jfifc**»© 

5. w©«#»©-»»-e«»4 293 a 
ifiSr«fts*,- araa^&y/ a dna ©tta*tr 

9o »?>^fc DNA ?:|o^(OHWT«IU:i, 

aiStSo «±G>*fffc J: D @6?)©ffi5t**t^ 
^^o-y**:»c«?IS*fcaKtlHHaat5. 

[0016] *m <o m 

t (1) 1ft, fi&£77/*^*©4$tt 293 « 
rtT*© 2 WROjIftofc DNA JH-H|-e©ffilR]ffl»tl- 

(2) 4«SixUiaUT<sa»t77/?-f^fiB 
WK*©«aSr*LTV^5^r«tt#«ft-Ctt<, X (3) 
«*tfe-CB 2 ffig©£fcofc DNA 5>^©pib)t*© 



11-332560 



7 

dna &±mmmmuc$4 *m*frbmzh 

W\Z#^X\± pacadlA £tH:©^ftli=i;* * 

mm&Z'rtoZt&XZ, (4) pacadlA V<<? 
\z J: 5 7f / * ^ /v*$>/ / a ©$£&*$# ^IIgT*fc 

IIC (5) pacadlA »7f/ *>f frTWt J A 

f^$:ffi^fc;t5^^iCS^OfflPS^*(ClaI t Bstll07I, 
Xbal, BamHI, EcoRI, Swal &tf Kpnl - HI 1 #Kg) 

<D$mm:&m$tixt6?) % «o-c*ru^*fto«ji 
mm^Tr / e^*^* s r. t * 

[00 17] 

mmm set, mM&xnm*Kt9*m*w. 

4 -infkmzftttxwfctzzt&x-z , *©«»# 
m 8 fc«s*vrv^a, :ut&©rt-c»« 1 aw 2 a 

K^*-^©*^ffi©#A©fcfc©»SUi* 

i*fcBB1-8t>©"e*0, »Hf 3 apraiw«sits itr a 

/a dna coMM&tmmmzmtzhtDxh*), 

m 4 flS DNA © 293 HB^©*A«M^tUia^>f 
[0 0 18] ±B0>a»<Drt-C, Si® 1 a^ 2 ttttl 

•wfe©ris L Tt * 5 . 
(a) MIBIBIIfcJ:5a^*K^^-©«^ff*6h 
fc dna KJtoflttXfe (b) gAXfifi&'TS DNA Br 
#0«Kig, (c) WDNA»rflr©7>fy-V3yB£: 

IS> (d) in vitro packaging Sj£Rtf#bttfefflJft ■ 
*X7 7~^fc.fc0*)I§B(DH5a) Sr«SfeS"fr5Xg, 

(e) rytrvyyBtt*ii»i>fe©3^5 K dna ©ft 
ttifctt dna ©uhmtwm-sib. jkko mm 

mZGtZ? o->&*<D7r / $4 ; J* DNA 

[ 0 0 1 9 ] gpg 1 Xtf 2 (pacadlA ^©SSSWitt© 
t^AXS) SV40 M*XV7-*J T 56f * 

T^^-^-ie^ 10 - 80274 £&«£HI 

*S;h/0*5 NtTA »£■?■) S: CAG 7n*-*- («r 
BUT 3 - 168087 #&#fcMS*:h/o*5) ©TRfcfi 
fi^ftfcrhyiH^yy- ^^7^f^-S 



(5) 

<WM¥ io - 80274 #flrtlfcBl***tT^a p 

CANtTA ^7^^ Kft*©t©) t Clal (£jKg«3t£ 

-■ft) fcT»9'lBt;|»atfc;'Rfc/pacadlAtr-cial fc 

T&gLfct, NtTA lfe^«S^t*l-7-f y 
-Vs VRJfcS:ffv\ Gigapacklll Gold kit (Stratage 
ne It) $rfflv*Tl77~^fc: invitro packaging L 
fc 0 :©177-^«H (DH5 a ) 7 

ytvy y£;fr lb *^KMMcff* % 37t Icr-ft-f 

io DNA fcftfiJU Bstll07I t Spel ICcfcSMBfeS 

ftaCTHBtoWWrffv^, Btt©*S«:frt5*n-- 
y (pacadCANT) fcftfc (±E©lttMfc&s»«r 1 ?*> 

5, #5>tlfc pacadCANT left NtTA $§5WMfc&S£fSj t 

[ 0 0 2 0 ] Gigapacklll Gold kit LT 

in vitro packaging £ £ 9 ±|5©pacadCANT *C±5iS 
(DH5a) SrJ8ft*"frfc. :©jl77-^ft*Mi7 
XtTvy y£» LB #^T^ig#LTii^£i£*:o 
w©»*tt^& pacadCANTDNA ©jfctfcftS: QIAGEN * 
20 yASrfllfflUTfTo^ DNA ©~S5£$®L 

T Swal y y#- • Att) KTWS&JI 

ixl^, T h7f--Y^yv .^n*-*- [M.Gossen^ 
' Proc. Natl. Acad. Sci. U.S.A.", Vol. 89, pages 
5547 - 5551 (1992 ©T«Kllfy*i?-y^n ; * 
2 7 P 7^^ K «C#-fy*<*adtt)' 

**©^^;wi^i/7^7~-fefl€ : f 1 *5J:U ; SV40 S*© 

^7x7— tf«a*ffiSr*tf DNA^jt^^PLTy-ry 
30 VRJiSSrffofc. r©7>fy-V3yJKfcov^T 

Gigapacklll Gold kit (Stratagene &) ?rffil^Tl7 
7 — v^C in vitropackaging Lfc Q Z<D177— 
KlSfM (DH5 a ) Sr«ftS-fr % 7y^v'yy^LB§ 

37X: ICT-Sfe^y^r^-VayL 
fco SBx iBrfclCfflStfc=ion-d^ DNA ^rffltflU 
TWg&JfcBLfc. 9ft©«3t (xh7t^^yy 
D^-^-ICT$ES^5;^73:7-^*a*ffiS: S 
wal |CJ:5 pacad(^©«BfWttK:fe|pI*^UT^ 
5) t#1"5^.B-y%ft, Z<D?u->% TpacadCAN 

40 TT-lucj ^© dna ©^IPMat; 

inKS: QIAGEN #7A£flJffl LTfTofc D r© DNA Sr 
TE ffi [10 mM Tris HCKpH 8.0) + 1 mM EDTA «] lC® 
»U DNA »**:ji3eLfc*fc»tt«#Lfc(±B ©» 
WIVHI 2 -C*5). 

[0 0 2 U SB 3 (7r/*>f/l'*aWVA DNA © 
jggifcctr;fl®{) :l00//g © pacadCANH-luc DNA ft 4 
Oj£l © Pad [4000U/ml (New EnglandBioLabs ft) 
T 2 PWMMLfc. -t©ft, 7x/-/l//^n^ 
A^SSrl Inia^^DP^/i/A^gSr 2 BIffV\ ftt^ 

so ^^y-^fciattwaatfTofco aaufc dna 



ft®* 11-332560 



(6) 



w§#Lfc 0 ^co dna mmoftx- 10 n\ srftstr d 

[002 2)^4 Oftilg: (293 »^CD7r / <M 
**«y/A DNA ^A) :SK 3 fcJ8V^#6Mo 
*SaspJWLfc DNA T^ot 10/ig <D DNA fc£<Tt 
51© DNA fc«teft#5M>e>#»LT 600/x 1 (O Opti 
-MEM Rfcj&flfU 80^1 <T> Lipofectamine Sr*#t5 

600 M i 0 opti-MEM tttjgfptfco fc^-e, St&fcfc 

30 ^Ba^SLfcatCltC 7ml 65 Opti-MEM Sfllfc 
8aDtT7r/!>-f^«^>A»Affl© DNA-Lipofec 
t amine Sft Si Lfco 3 7-yvfcT3- KSttfcifi 
» 75cm2 <075^ = ^ftfflStfc 293 »Jfii&*Sfl£ 
(MBfttttt : 80%) A^«tK (10% FBS DMEM 
*«») *gfc*U 5ml<D0pti-MEM 9ftjfi««< 
yy^Lfc 0 Opti-MEM yy^asrfesu - 

KSr±EcoyyA»AffiafD«t«ftU 3rt, 5%C0 2 

^y^^ayLt ftv^-e, ?/^\R<d dna 

-Lipofectamine fifbffiSriBrtt««|tffi (10% FBS 

a^-VgyUfc. §0, *^WA*MMfcLfc 293 
HB«r77^3^ba»S*. 10% FBS DMEM^^r 

yfcT?- h*hfc96 ytyi/- HC*t, 37^ 5% CO 
2 ©^TfcllttLfc. 

[0 0 2 3] m 4 0«» Gfii(U.77 f /lMA'X© 
WlfttNffiMU) :«4LT 2 Bffofc*fi^*A* 
*fi*»A*M*»& 7 - 14 Bfcfc 16 7JS 

21 <@<D well K*5V^Ti>-f/U^KJ:5||BH»»a** 
«*3Jifc(«E<&* 2 fc*W5*fiT»A01 A £tf 
BM). *-f^lcj:5»illSI»*»*#««SJife we 
11 0M&£tt*iK©ffi**, £*SiJfBM£B^-;/ > 



/<? 

■fe^-C© well &X0fc®-(Xttttt fcOl* 

T> K?-f 7-f* -^/-/v* ZVC <o$ 

C©±»©-«B-e«if4 293 Mfe (24 ftTV-Mcfc 

■ttfofc. 0 9 ictt*fi^*A« a vmtnhn 

fc^-f/ux**© DNASr SphI ?te£Lfc« (16 M) 
SphI Sr/B^T&at-Sjfr&fcH 10 fcSSSJiT^SJ: 

fcfi^&AW A ©«£lCfiH»&*bfci6 wells 0"? 
/V* -f^T # R- ©£o^S $ Jifc*»$r<r l/C ^ 5 

TacNH-Iucj i<r*Lfc). rtu^it), 

*©*tttttlM-5-»*fc, El Wt!M**5©aS 

KSJlfc. BU Pad fcXfcaLTV^V^pacadCANn-lu 
c fcoV*Ti Pad feJlfefTofc pacadCANTT-luc tR 

SStfiT-iBAW C, D, E 293 »»fc*tt-S ft 

S»*f±B«> bft1\ ftoT iM/VXOijfcKttpacadC 
ANTT-luc £ Pad J: D feS LXSiSlc ITR 
§&7r/f>>f/^«y/A DNA ©SKftBS'Cfca 

[0 0 2 4J 
[«2] 



SfcPSAfll (DNA ©BBS) 




(A) Pad £fc©&K DNA 


16 


(B) PaeI. fiftO»R.DNA 


. 21 


(0 Pad mfcom DNA 


0 


(D) Pad *i8fc©Htt DNA 


0 


(E) Pad mfc<amt DNA 


0 


(F) Pad *»>?»IK DNA 


0 



* 2 4»fc*SHT well <7>m bti. 293 «tC 

»UT?-f^K:J:5«fi«»»*#fl«Sftfc well 

[00 2 5] W»W (AcNH-luc afeiTf/ ^-<;V^ 

llCiS AcNTT-luc VJ/VX^tt-frZOf/ 



&±.m*<om mx&wiLRtf & mum icji 
7*5— eafi^aqsa+sfcfcictt, ei ^ftSBfti- 

SA^ixfc NtTA Ifif ©SSl^jff-CfeQ. KIC^:© 
so J6Sttrh7*'f^U>'*««*fcJ!BjL5ri:tJ:?)H. 
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(7) 



11 

Z>m-X\ CH0-K1 » (ATCC <fc9tt4£gtffc)- lac 
NTT-luc -^^^Ts^mk^ (multiplied 
ty of infection) :i)] s igSfSt'Ox h 7lM 2 9 V 

\att<Dm±M-m^xsmm^i. wmi of 
h7t-Y^yy^ft-f-5^icn/FS^^© iooo 



72 

«g^^Co C^rtli, AcNTT-luc (O^&IC, E3 
OiET^fcS^^tfiT-^m^ El ^m&l-#A 

^tifc NtTA mwmtxvmzti. mcm% 

\*t b y ?J ? y y zmmcM * S r t fc: J; !? PIST* 

[0 0 2 6] 
[^3] 



Oe/al) 


;H/7x5-€s& (*) 

(Relative Light Unit x 10 s ) 


AcNTT-luc Jgft CH0-K1 Iffljfi 
0 

a oi 

0.1 

i 

10 
100 


1733.6 ±85.7 
276.9 ± 51.2 
19.6 ± 5.3 
L2 ± 0.3 
1.0 ± 0.1 
0.9 ± 0.1 


CE0-X1 ffljfi 
0 


0.3 



[0027] &ga&L5JH&&££2 fr-r/v*^** 30 
-*»*©»* * 7f f /»^A>*J-©tttt 

7"n*-*-©$ETfc:a>5) a-site*©^^ * 

-OT9'/^'f^«y/A©»|«ttRH|A**lfc NtT 

i&©19T?fc5. f£*©a&*77V^/w*&ffl^ 40 

9 &v*fi*©smxtt»l6iJ©&£l,>;4S2 U»o fc 9 UT 
tffltt#tt*»ofc©#3t«-e*>5. rtUd&LT. Goss 
en ^#BB$gL [" Proc. Natl. Acad. Sci.U.S.A.'. Vo 
1. 89, pages 5547 - 5551 H (1992 f£)K iSffl^ft 
aSriPtfc 10 - 80274 &&m. r Yy^-i 

9 y y (CTlASf ©H3ift£ = y h n -/vet 5 V so 
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[Title of the Invention] 

RECOMBINANT ADENOVIRUS, COSMID VECTOR HAVING THE RECOMBINANT 
VIRAL GENOME AND ANIMAL CELL INFECTED WITH THE RECOMBINANT 
VIRUS 

[Abstract] 

[Problem to be Solved] 

To provide a recombinant adenovirus, a cosmid vector 
having the recombinant viral genome, and an animal cell 
infected with the recombinant virus. 
[Solution] 

The cosmid vector comprises an adenovirus-like genome 
having complete inverted terminal repeats at both terminals 
and having a deletion in El and E3 regions into which foreign 
genes are to be inserted. Restriction enzyme recognition and 
digestion sites are arranged outside the both terminals of 
the recombinant viral genome. The recombinant viral genome 
is isolated by treating the cosmid vector with the restriction 
enzymes, and an animal cell is infected with the genome. 
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[Scope of Claim for a Patent] 
[Claim 1] 

A cosmid vector characterized by comprising an 
adenovirus-like genome having complete inverted terminal 
repeats at both terminals and having a deletion in El and 
E3 regions. 
[Claim 2] 

The cosmid vector according to claim 1, characterized 
by comprising restriction enzyme recognition sites on both 
sides of the adenovirus-like genome portion for isolating 
the adenovirus-like genome portion from the cosmid vector. 
[Claim 3] 

The cosmid vector according to claim 1 or 2, characterized 
in that other restriction enzyme recognition sites for 
digesting the cosmid vector are present in the El and E3 
deletion regions of the adenovirus-like genome, respectively. 
[Claim 4] 

The cosmid vector according to any one of claims 1 to 
3, characterized by further comprising another restriction 
enzyme recognition site on the right side of the left inverted 
terminal repeat or on the left side of the right inverted 
terminal repeat of the adenovirus-like genome, thereby 
facilitating modification and alteration of the 
adenovirus-like genome. 
[Claim 5] 

The cosmid vector according to claim 3, characterized 
in that the El and E3 deletion regions have an expression 
unit for a tetracycline transactivator and an expression unit 
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for a foreign gene under control of a tetracycline promoter, 

respectively. 

[Claim 6] 

A recombinant adenovirus characterized in that the 
recombinant adenovirus is prepared by digesting the cosmid 
vector according any one of claims 1 to 4 with restriction 
enzymes. 

[Claim 7] 

A recombinant adenovirus prepared from the cosmid vector 
according to claim 5, characterized in that the expression 
of the foreign gene under control of the tetracycline promoter 
can be controlled by tetracycline. 
[Claim 8] 

An animal cell characterized in that the animal cell 
is infected w: th the recombinant adenovirus according to claim 
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[Detailed Description of the Invention] 
[0001] 

[Technical Field Pertinent to the Invention] 

The present invention relates to a recombinant adenovirus , 
a cosmid vector having the recombinant viral gene, and an 
animal cell infected with the recombinant virus. The 
recombinant adenovirus of the present invention is applicable 
to therapy for a genetic disease. 



[0002] 
[Prior Art] 

To prepare a recombinant adenovirus, a conventional 
method requires the steps of proliferating a starting virus, 
adenovirus (of wild type in usual), in a cultured cell in 
a large amount, purifying the adenovirus, and extracting DNA 
from the purified adenovirus. The method further requires 
a step of performing, in a cultured cell, homologous 
recombination between the purified viral DNA and a plasmid 
DNA proliferated in Escherichia Coli. Accordingly, when 
introduction of foreign genes into a plurality of sites of 
a recombinant adenovirus or modification of a recombinant 
adenovirus is required, an intermediate virus (a virus in 
a previous stage to a virus having a desired structure) is 
prepared and thereafter a purification step of viral DNA 
thereof must be performed. Thus, the conventional method 
requires a lot of time and labor. 
[0003] 

[Problem to be solved by the Invention] 

Accordingly, a problem of the invention or an object 
of the invention is to eliminate not only steps of proliferating 
and purifying a wild-type or intermediate adenovirus and 
extracting DNA, which are indispensable steps in a 
conventional preparation technique for a recombinant 
adenovirus, but also a step of homologous recombination 
between the genomic DNA of a purified virus and DNA of a plasmid 
proliferated in E. Coli. 
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[0004] ~ 
[Means for solving the Problems] 

Of the present invention, the aforementioned problems 
are basically solved and the aforementioned object can be 
simultaneously attained by a cosmid vector characterized by 
having an adenovirus-like genome containing complete inverted 
terminal repeats (ITR) at both terminals and the El and E3 
deletion regions. 
[0005] 

A cosmid vector of the present invention has restriction 
enzyme recognition sites for use in isolating only the 
adenovirus-like genome from the cosmid vector, on both sides 
of the adenovirus-like genome. In a cosmid vector of the 
present invention, other restriction enzyme recognition sites 
for cleaving the vector are present in El and E3 deletion 
regions of the adenovirus-like genome, respectively. These 
sites can advantageously work in introducing a foreign gene. 
A cosmid vector of the present invention further has another 
restriction enzyme recognition site on the right side of the 
left inverted terminal repeat of the adenovirus-like genome 
or on the left side of the right inverted terminal repeat. 
The restriction enzyme recognition site can advantageously 
work in modifying and altering the adenovirus-like genome. 
[0006] 

In a cosmid vector of the present invention, expression 
unit of tetracycline transactivator and an expression unit 
of a gene under the control of a tetracycline -promoter can 
be introduced, for example, in the El and E3 deletion regions. 
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When the cosmid vector is cleaved with digestion of restriction 
enzymes to form a structure having inverted terminal repeats 
at both terminals and DM having the structure is introduced 
in an animal cell which permits recombinant adenovirus to 
proliferate, a recombinant adenovirus of the present 
invention can be obtained. The recombinant adenovirus is 
infectious to an animal cell. 
[0007] 

(Embodiments] 

A wild-type adenovirus has a size of about 36,000 base 
pairs. The recombinant adenovirus vector has substantially 
thesamesize. For this reason, the present invention employs 
a cosmid vector. The technique for proliferating an 
adenovirus-like genome by use of a cosmid vector while 
maintaining the genome stably in E. Coli is disclosed in 
JP-A-7-298877 and a method for preparing the recombinant 
adenovirus is disclosed in the same publication. Then, the 
present inventors succeeded in isolating an adenoviru S -li ke 
genome alone from a cosmid vector by stably maintaining an 
adenovirus-like gene containing complete ITRs at both ends 
in a different cosmid vector and simultaneously digesting 
the cosmid vector with restriction enzymes. The isolated 
adenovirus-like genome containing both terminals completely 
is introduced into an animal cell, for example, 293 cells, 
which permit the recombinant adenovirus to proliferate. In 
this manner, the recombinant adenovirus can be easily obtained. 
Furthermore, a cosmid vector of the present invention is 
constructed so as to have a plurality of restriction enzyme 



- 6 - 



tl 
•• 

I • 11 " 

recognition sites in order to facilitate introduction of a 
foreign gene and modification to the basic skeleton of a 
recombinant adenovirus. 
[0008] 

Next, the structure of a cosmid vector of the present 
invention will be described. 
Structure of adenovirus-like genome 

A cosmid vector of the present invention is constructed 
of several fragments (as described later) and derived from 
Axlcw stemmed from Axle (or Axlw) disclosed in JP-A-7-298877 

(Axlcw is available from the Riken Gene Bank) . The cosmid 
vector newly constructed will be hereinafter referred to as 
"pacadlA" . A schematic structure of pacadlA is shown in FIG. 
1. The pacadlA is a plasmid constructed of 6 fragments, more 
specifically, formed of a base skeleton, fragment 1, to which 
fragments 2 to 6 are ligated. In manipulating a gene for 
constructing a recombinant adenovirus, the pacadlA is used 
by dividing 4 parts. The first part, which is the portion 
on the left side of the adenovirus-like genome (the region 
sandwiched by Bs-Bs in FIG. 1), has a complete left ITR and 
primarily contains a packaging sequence and El gene region 

(from which 1.3 to 9.3% region is deleted and Clal 
recognition/digestion site is formed at the deletion site 
for introducing a foreign gene) . The second part, which is 
the portion on the right side of the adenovirus-like genome 

(the region sandwiched by E-E in FIG. 1) , has a complete right 
ITR, and primarily contains E3 gene region (from which 79.6 
to 84.8% region is deleted and a Swal recognition/digestion 



- 7 - 



" II 

fl 

I It 

site is formed at the deletion site for introducing a foreign 
gene) and E4 gene region. The third part, which is a middle 
portion of the adenovirus-like genome, corresponds to a viral 
genome except right and left portions mentioned above. 
Finally, the fourth part is a portion except for the 
adenovirus-like genome and corresponds to a charomid portion, 
a kind of a cosmid vector, in this case. Each of these parts 
is formed of several fragments or part of a fragment. Table 
1 below shows sources from which individual fragments are 
derived. PacadlA contains a portion directly derived from 
Axlcw and a synthetic fragment, which is amplified by a 
polymerase chain reaction (PGR) using a genomic DNA of 
AxRSV-LacZ virus (H. Kojima et al., "Biochem. Biophys. Res. 
Commun. Vol. 207, pages 8-12 (1995)) as a temperate and a 
synthetic DNA as a primer. 
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[Table 2] 



Fragment No. 


Name of restriction 
enzyme for both 
terminals of 
fragment 


Source 


1 


EcoRI and Bstll071 


Charomid portion of 
Axlcw 
(derived from 
charomid 9-11) 


2 


Bstll071 and Clal 


Derived from 

AxRSV-LacZ 
(PCR product) 


3 


Clal and EcoRI 


Viral gene portion 
of Axlcw 


4 


EcoRI and Swal 


Derived from 

AxRSV-LacZ 
(PCR product) 


5 


Swal and Kpnl 


Viral genome 
portion of Axlcw 


6 


Kpnl and EcoRI 


Derived from 

AxRSV-LacZ 
(PCR product) 



[0010] 

Charomid portion 

To solve a problem regarding a structure of a skeleton 
portion, which is required for proliferating it as a cosmid 
vector in E. Coli and packaging it into X phage, the present 
inventors used, as pacadlA, charomid 9-11, which is disclosed 
bySaitoet al. [I. Saitoetal., Proc. Natl. Acad. Sci. U.S.A., 
Vol. 83, pages 8664-8668 (1986)] and from which a polylinker 
portion (includingportions recognizedby restriction enzymes 
EcoRI and Hindlll) is previously removed. 
[0011] 

Structure of boundary region between fragments 

The base structures of the boundary regions between 
fragments constituting pacadlA shown in FIG. 1 are shown in 
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FIGS. 2 to 7 . The boundary region between" charomid 9-11 from 
which the polylinker portion has been removed and the 
adenovirus-like genome is shown in FIG. 2. As shown in FIG. 
2, in the left portion, restriction enzyme recognition sites 
Hind III, Bstll07I, and Pad, are arranged in this order from 
the side of charomid to left ITR portion of the adenovirus-like 
genome. On the other side, in the right side, as shown in- 
FIG. 7, restriction enzyme recognition sites Pad and EcoRI 
are arranged in this order continuously from the right ITR 
portion of the adenovirus-like genome to the charomid portion. 
Since such restriction enzyme recognition sites are arranged 
in pacadlA used in the present invention, the adenovirus-like 
genome portion can be isolated as one unit from the charomid 
portion by digesting with restriction enzyme Pad . Note that 
when Bstll07I and EcoRI are used, the left and right portions 
of the adenovirus-like genome can be selectively isolated. 
Therefore these portions of the adenovirus can be modified 
or altered by a simple operation. 
[0012] 

Recombination of cosmid vector 

To insert or partially replace with a foreign DNA fragment, 
pacadlA is previously treated with a restriction enzyme (s) 
(if desired, treated with Klenow fragment or the like) , and 
thereafter, subjected to a ligation reaction together with 
a DNA fragment to be inserted or replaced. Subsequently, the 
cosmid DNA is packaged into X phage using a Gigapack in-vitro 
packing kit (StratageneCorp. ) . In thismanner, a recombinant 
phage is constructed. An appropriate E. Coli (DH5a) is 
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infected with the recombinant phage and incubated in LB. agar 
medium containing ampicillin at 37°C overnight. Emergent 
colonies are individually and separately picked up and 
incubated in 1.5 ml of LB medium containing ampicillin with 
shaking at 37°C overnight . DNA derived from the cosmid vector 
is extracted from the E. Coli contained in the LB medium (mini 
prep operation), and the extracted DNA- is digested with an 
appropriate restriction enzyme (s) to isolate a clone having 
a desired structure. 
[0013] 

Isolation and purification of adenovirus-like gene 

To purify DNA of the clone derived from pacadlA having 
a desired structure in a large amount, first, the DNA extracted 
from the 1 . 5 ml of LB medium is packaged into X phage by again 
using the Gigapack in-vitro packaging kit to obtain a 
recombinant phage. An appropriate E. Coli ( DH5ct) is infected 
with the recombinant phage and incubated in LB medium of an 
appropriate amount {50 to 200 ml) with shaking at 37°C overnight . 
From the LB medium, DNA is extracted and purified by use of 
a QIAGEN column (QIAGEN) or CsCl density gradient 
ultracentrifugation. An appropriate aliquot is taken from 
the DNA thus obtained and digested with restriction enzyme 
Pad (New England Biolabs Inc.) . After the digestion with 
Pad, the sample is treated with phenol/chloroform to remove 
protein and then centrifuged. To further purify the DNA 
contained in the supernatant, ethanol precipitation is 
performed. The precipitate (DNA) is rinsed once with 70% 
ethanol . The DNA thus rinsed is dissolved in sterile distilled 
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water. After the concentration of DNA is determined, it is 
stored in a frozen state until gene introduction operation 
into an animal cell (293 cell) is performed. 
[0014] 

Introduction of adenovirus-like genome DNA into 293 cell 
First, 600 \il of Opti-MEM solution (Gibco Industries Inc. ) 
containing 10 ^g of the adenovirus-like genome- DNA obtained 
in the aforementioned step and 600 |il of Opti-MEM solution 
containing 80 jil of Lipof ectamine reagent (Gibco Industries 
Inc . ) are mixed, and then allowed to stand at room temperature 
for 30 minutes. Thereafter, 7 ml of Opti-MEM solution is 
further added to the solutionmixture. The resultant solution 
is replaced with a culture solution of 293 cells (available 
from the ATCC, contained in a flask of 75 cm 2 in area coated 
with collagen) prepared in advance and incubated at 37°C under 
a 5% CO2 atmosphere (in a C0 2 incubator) . Subsequently, the 
DNA containing solution-mixture is completely replaced with 
a fresh ceil culture solution and then incubation is performed 
at 37°C overnight under a 5% C0 2 atmosphere (in a CO2 incubator) . 
Next day the gene introduction operation is performed, 293 
cells are isolated from the flask to obtain a suspension 
solution, which is then seeded in a 96-well plate coated with 
collagen to allow recombinant viral cells to emerge and 
proliferate. 
[0015] 

Isolation of recombinant adenovirus 

Generally, when 293 cells are maintained for 14 days 
after the gene introduction operation, cytopathic effect can 
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be observed, which is a phenomenon-where a recombinant 
adenovirus newly produced proliferates in 293 cells and kills 
293 cells. Based on the phenomenon, the well having viruses 
generated therein can be distinguished. Dead cells 
containing viruses and the culture solution were taken from 
the well and stored in a frozen state. Fresh 293 cells are 
■ infected- with- an- aliquot of the stored- solution and- genomic- - 
DNA is extracted from the (dead cells. The obtained DNA is 
digested with several restriction enzymes and subjected to 
agarose gel electrophoresis to confirm the digestion pattern . 
In the manner mentioned above, a virus clone having a desired 
structure is proliferated in a large amount and then purified. 
[0016] 

Features of the invention 

The features of the present invention will be 
distinguishably described in comparison with a conventional 
method. 

(1) Although a recombinant adenovirus is produced 
depending upon homologous recombination between different 
two types of DNA molecules in a 2 93 cell in a conventional 
method, the present invention does not require this step. 

(2) Therefore, the possibility that the emergent 
recombinant adenovirus thus produced has a structure other 
than a desired one is extremely low. 

(3) Since one of the two types of DNA molecules is one 
extracted from virus particles proliferated in a large amount 
and purified in a conventional method, the preparation of 
such DNA molecule requires relatively much time and labor 
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as well, as specific equipment and machines in a conventional 
method. However, in the present invention, since pacadlA and 
its derivative are present in the form of a cosmid vector, 
only a proliferation step in E. Coli is required. Therefore, 
a large amount of recombinant adenovirus can be prepared simply 
and easily. 

_ __._.( 4 }„_ s ince-paced-lA-has-the— form- -o £ a-cosmid— vector-,— i-t- 
is possible to maintain the adenovirus-like genome stably 
in X phage and E coli. 

(5) Various recognition sites of restriction enzymes 
(Clal, Bstll07I, Xbal, BamHI, EcoRI, Swal and Kpnl, see FIG. 
1) are prepared in the adenovirus-like genome within pacadlA 
in order to simply perform a complicated operation required 
for modifying the genome, so that they can be used in 
constructing a new generation of recombinant adenovirus 
vector and a recombinant adenovirus vector complicated in 
function. 
[0028] 

[Advantages of the Invention] 

Use of a cosmid vector having an adenovirus-like genome 
of the present invention makes it possible to simplify 
operations such as modification and alteration of an 
adenoviral gene and introduction of a foreign gene into an 
adenoviral gene, although a conventional method requires 
complicated operations that are applied to a plurality of 
sites. In addition, since an adenovirus and genomic DNA 
thereof must not be prepared in a large amount, time and labor 
can be greatly reduced. 
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[Brief Description of the Drawings] 
[FIG. 1] 

A schematic illustration showing a structure of a 
recombinant cosmid vector, pacadlA, used in the present 
invention, where 
El-i-s- a- deletion -site o-f-ea-r4-y~region-l-af a*i-adenovi-rus; - 

E3 is a deletion site of early region 3 of adenovirus; 

COS is a requisite portion in packaging the cosmid vector 
into X phase; 

Ori is a replication origin of a plasmid in E. Coli, at which 
amplification of the cosmid vector is started; 
Amp r is a gene imparting resistance against an antibiotic, 
ampicillin, to E. Coli transformed by the cosmid vector; 
ITR is an inverted terminal re peat present at both terminals 
of an adenoviral genome; 

Bs is a cleavage site recognized by restriction enzyme 
Bstll07I; 

P is a cleavage site recognized by restriction enzyme 

Pad; 

C is a cleavage site recognized by restriction enzyme 

Clal; 

X is a cleavage site recognized by restriction enzyme 

Xbal; 

B is a cleavage site recognized by restriction enzyme 
BamHI; 

E is a cleavage site recognized by restriction enzyme 
EcoRI; 
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S is a cleavage site recognized by restriction enzyme 

Swal; 

K is a cleavage site recognized by restriction enzyme 

Kpnl; 

C, X, B and S (written in italics ) means that the cleavage 
site recognized by the corresponding enzyme is the only one. 
[-FIG .- -2-] 

An illustration of a base sequence of the boundary portion 
A between fragments 1 and 2 constituting the cosmid vector 
pacadlA shown in FIG. 1 and restriction enzymes, which can 
recognize the base sequence of the boundary region and digest 
the vector. 
[FIG. 3] 

An illustration of a base sequence of the boundary portion 
B between fragments 2 and 3 constituting the cosmid vector 
pacadlA shown in FIG. 1 and restriction enzymes, which can 
recognize the base sequence of the boundary region and digest 
the vector. 
[FIG. 4] 

An illustration of a base sequence of the boundary portion 
C between fragments 3 and 4 constituting the cosmid vector 
pacadlA shown in FIG. 1 and restriction enzymes, which can 
recognize the base sequence of the boundary region and digest 
the vector. 
[FIG. 5] 

An illustration of a base sequence of the boundary portion 
D between fragments 4 and 5 constituting the cosmid vector 
pacadlA shown in FIG. 1 and restriction enzymes, which can 
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recognize the base sequence of the boundary region and digest 
the vector. 
[FIG. 6] 

An illustration of a base sequence of the boundary portion 
E between fragments 5 and 6 constituting the cosmid vector 
pacadlA shown in FIG. 1 and restriction enzymes, which can 
•recognize the base sequence of the boundary region and digest 
the vector. 
[FIG. 7] 

An illustration of a base sequence of the boundary portion 
F between fragments 6 and 7 constituting the cosmid vector 
pacadlA shown in FIG. 1 and restriction enzymes, which can 
recognize the base sequence of the boundary region and digest 
the vector. 
[FIG. 8] 

An illustration showing a recombinant adenovirus in which 
the expression of a gene is controlled by tetracycline in 
a single vector, infection of an animal cell with the virus; 
and expression of the virus in an animal cell by culturing 
[FIG. 9] 

An agarose gel electrophoresis pattern of a DNA derived 
recombinant adenoviruses of 16 wells obtained in gene 
introduction Example A and digested with SphI, where M is 
a marker lane and DNA sizes (the number of base pairs) indicated 
by the marker are shown at the left-hand side of the pattern. 
[FIG. 10] 

An illustration showing a cleavage pattern of DNA of 
a recombinant adenovirus gene (estimated as AcNTT-luc) 
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digested with SphI, where reference numerals indicate the 
sizes (the number of base pairs) of DNA fragments separated 
by digestion with SphI . 
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